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METHOD 16A—DETERMINATION OF TOTAL RE-
DUCED SULFUR EMISSIONS FROM STA-
TIONARY SOURCES (IMPINGER TECHNIQUE)

NOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from

other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 1, Method 6, and Method 16.

1.0 Scope and Application

1.1 Analytes.
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Analyte CAS No. Sensitivity

Total reduced sulfur (TRS) including: N/A See Section 13.1.
Dimethyl disulfide [(CH3)2S2] ............................................... 62–49–20
Dimethyl sulfide [(CH3)2S] ................................................... 75–18–3
Hydrogen sulfide [H2S] ........................................................ 7783–06–4
Methyl mercaptan [CH4S] .................................................... 74–93–1

Reduced sulfur (RS) including: N/A
H2S ...................................................................................... 7783–06–4
Carbonyl sulfide [COS] ........................................................ 463–58–1
Carbon disulfide [CS2] ......................................................... 75–15–0

Reported as: Sulfur dioxide (SO2) .............................................. 7449–09–5

1.2 Applicability. This method is applica-
ble for the determination of TRS emissions
from recovery boilers, lime kilns, and smelt
dissolving tanks at kraft pulp mills, reduced
sulfur compounds (H2S, carbonyl sulfide, and
carbon disulfide from sulfur recovery units
at onshore natural gas processing facilities,
and from other sources when specified in an
applicable subpart of the regulations. The
flue gas must contain at least 1 percent oxy-
gen for complete oxidation of all TRS to SO2.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary of Method

2.1 An integrated gas sample is extracted
from the stack. SO2 is removed selectively
from the sample using a citrate buffer solu-
tion. TRS compounds are then thermally
oxidized to SO2, collected in hydrogen per-
oxide as sulfate, and analyzed by the Method
6 barium-thorin titration procedure.

3.0 Definitions. [Reserved]

4.0 Interferences

4.1 Reduced sulfur compounds other than
those regulated by the emission standards, if
present, may be measured by this method.
Therefore, carbonyl sulfide, which is par-
tially oxidized to SO2 and may be present in
a lime kiln exit stack, would be a positive
interferant.

4.2 Particulate matter from the lime kiln
stack gas (primarily calcium carbonate) can
cause a negative bias if it is allowed to enter
the citrate scrubber; the particulate matter
will cause the pH to rise and H2S to be ab-
sorbed prior to oxidation. Furthermore, if
the calcium carbonate enters the hydrogen
peroxide impingers, the calcium will precipi-
tate sulfate ion. Proper use of the particu-
late filter described in Section 6.1.3 will
eliminate this interference.

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this

test method to establish appropriate safety
and health practices and determine the ap-
plicability of regulatory limitations prior to
performing this test method.

5.2 Corrosive reagents. The following re-
agents are hazardous. Personal protective
equipment and safe procedures are useful in
preventing chemical splashes. If contact oc-
curs, immediately flush with copious
amounts of water for at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burns as ther-
mal burns.

5.2.1 Hydrogen Peroxide (H2O2). Irritating
to eyes, skin, nose, and lungs.

5.2.2 Sodium Hydroxide (NaOH). Causes
severe damage to eyes and skin. Inhalation
causes irritation to nose, throat, and lungs.
Reacts exothermically with limited amounts
of water.

5.2.3 Sulfuric Acid (H2SO4). Rapidly de-
structive to body tissue. Will cause third de-
gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 3 mg/
m3 will cause lung damage in uninitiated. 1
mg/m3 for 8 hours will cause lung damage or,
in higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

5.3 Hydrogen Sulfide (H2S). A flammable,
poisonous gas with the odor of rotten eggs.
H2S is extremely hazardous and can cause
collapse, coma, and death within a few sec-
onds of one or two inhalations at sufficient
concentrations. Low concentrations irritate
the mucous membranes and may cause nau-
sea, dizziness, and headache after exposure.

6.0 Equipment and Supplies

6.1 Sample Collection. The sampling train
is shown in Figure 16A–1 and component
parts are discussed below. Modifications to
this sampling train are acceptable provided
the system performance check is met (see
Section 8.5).

6.1.1 Probe. Teflon tubing, 6.4-mm (1⁄4-in.)
diameter, sequentially wrapped with heat-re-
sistant fiber strips, a rubberized heat tape
(plug at one end), and heat-resistant adhe-
sive tape. A flexible thermocouple or other
suitable temperature measuring device
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should be placed between the Teflon tubing
and the fiber strips so that the temperature
can be monitored to prevent softening of the
probe. The probe should be sheathed in stain-
less steel to provide in-stack rigidity. A se-
ries of bored-out stainless steel fittings
placed at the front of the sheath will prevent
moisture and particulate from entering be-
tween the probe and sheath. A 6.4-mm (1⁄4-in.)
Teflon elbow (bored out) should be attached
to the inlet of the probe, and a 2.54 cm (1 in.)
piece of Teflon tubing should be attached at
the open end of the elbow to permit the
opening of the probe to be turned away from
the particulate stream; this will reduce the
amount of particulate drawn into the sam-
pling train. The probe is depicted in Figure
16A–2.

6.1.2 Probe Brush. Nylon bristle brush
with handle inserted into a 3.2-mm (1⁄8-in.)
Teflon tubing. The Teflon tubing should be
long enough to pass the brush through the
length of the probe.

6.1.3 Particulate Filter. 50-mm Teflon fil-
ter holder and a 1- to 2-µm porosity, Teflon
filter (available through Savillex Corpora-
tion, 5325 Highway 101, Minnetonka, Min-
nesota 55343). The filter holder must be
maintained in a hot box at a temperature
sufficient to prevent moisture condensation.
A temperature of 121 °C (250 °F) was found to
be sufficient when testing a lime kiln under
sub-freezing ambient conditions.

6.1.4 SO2 Scrubber. Three 300-ml Teflon
segmented impingers connected in series
with flexible, thick-walled, Teflon tubing.
(Impinger parts and tubing available through
Savillex.) The first two impingers contain
100 ml of citrate buffer and the third im-
pinger is initially dry. The tip of the tube in-
serted into the solution should be con-
stricted to less than 3 mm (1⁄8-in.) ID and
should be immersed to a depth of at least 5
cm (2 in.).

6.1.5 Combustion Tube. Quartz glass tub-
ing with an expanded combustion chamber
2.54 cm (1 in.) in diameter and at least 30.5
cm (12 in.) long. The tube ends should have
an outside diameter of 0.6 cm (1⁄4 in.) and be
at least 15.3 cm (6 in.) long. This length is
necessary to maintain the quartz-glass con-
nector near ambient temperature and there-
by avoid leaks. Alternatively, the outlet
may be constructed with a 90-degree glass
elbow and socket that would fit directly onto
the inlet of the first peroxide impinger.

6.1.6 Furnace. A furnace of sufficient size
to enclose the combustion chamber of the
combustion tube with a temperature regu-
lator capable of maintaining the tempera-
ture at 800 ± 100 °C (1472 ± 180 °F). The furnace
operating temperature should be checked
with a thermocouple to ensure accuracy.

6.1.7 Peroxide Impingers, Stopcock
Grease, Temperature Sensor, Drying Tube,
Valve, Pump, and Barometer. Same as Meth-
od 6, Sections 6.1.1.2, 6.1.1.4, 6.1.1.5, 6.1.1.6,

6.1.1.7, 6.1.1.8, and 6.1.2, respectively, except
that the midget bubbler of Method 6, Section
6.1.1.2 is not required.

6.1.8 Vacuum Gauge. At least 760 mm Hg
(30 in. Hg) gauge.

6.1.9 Rate Meter. Rotameter, or equiva-
lent, accurate to within 5 percent at the se-
lected flow rate of approximately 2 liters/
min (4.2 ft3/hr).

6.1.10 Volume Meter. Dry gas meter capa-
ble of measuring the sample volume under
the sampling conditions of 2 liters/min (4.2
ft3/hr) with an accuracy of 2 percent.

6.2 Sample Recovery. Polyethylene Bot-
tles, 250-ml (one per sample).

6.3 Sample Preparation and Analysis.
Same as Method 6, Section 6.3, except a 10-ml
buret with 0.05-ml graduations is required,
and the spectrophotometer is not needed.

7.0 Reagents and Standards

NOTE: Unless otherwise indicated, all re-
agents must conform to the specifications
established by the Committee on Analytical
Reagents of the American Chemical Society.
When such specifications are not available,
the best available grade must be used.

7.1 Sample Collection. The following re-
agents are required for sample analysis:

7.1.1 Water. Same as in Method 6, Section
7.1.1.

7.1.2 Citrate Buffer. Dissolve 300 g of po-
tassium citrate (or 284 g of sodium citrate)
and 41 g of anhydrous citric acid in 1 liter of
water (200 ml is needed per test). Adjust the
pH to between 5.4 and 5.6 with potassium cit-
rate or citric acid, as required.

7.1.3 Hydrogen Peroxide, 3 percent. Same
as in Method 6, Section 7.1.3 (40 ml is needed
per sample).

7.1.4 Recovery Check Gas. Hydrogen sul-
fide (100 ppmv or less) in nitrogen, stored in
aluminum cylinders. Verify the concentra-
tion by Method 11 or by gas chromatography
where the instrument is calibrated with an
H2S permeation tube as described below. For
Method 11, the relative standard deviation
should not exceed 5 percent on at least three
20-minute runs.

NOTE: Alternatively, hydrogen sulfide re-
covery gas generated from a permeation de-
vice gravimetrically calibrated and certified
at some convenient operating temperature
may be used. The permeation rate of the de-
vice must be such that at a dilution gas flow
rate of 3 liters/min (6.4 ft3/hr), an H2S con-
centration in the range of the stack gas or
within 20 percent of the standard can be gen-
erated.

7.1.5 Combustion Gas. Gas containing less
than 50 ppb reduced sulfur compounds and
less than 10 ppmv total hydrocarbons. The
gas may be generated from a clean-air sys-
tem that purifies ambient air and consists of
the following components: Diaphragm pump,
silica gel drying tube, activated charcoal
tube, and flow rate measuring device. Flow
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from a compressed air cylinder is also ac-
ceptable.

7.2 Sample Recovery and Analysis. Same
as Method 6, Sections 7.2.1 and 7.3, respec-
tively.

8.0 Sample Collection, Preservation, Storage,
and Transport

8.1 Preparation of Sampling Train.
8.1.1 For the SO2 scrubber, measure 100 ml

of citrate buffer into the first and second
impingers; leave the third impinger empty.
Immerse the impingers in an ice bath, and
locate them as close as possible to the filter
heat box. The connecting tubing should be
free of loops. Maintain the probe and filter
temperatures sufficiently high to prevent
moisture condensation, and monitor with a
suitable temperature sensor.

8.1.2 For the Method 6 part of the train,
measure 20 ml of 3 percent hydrogen peroxide
into the first and second midget impingers.
Leave the third midget impinger empty, and
place silica gel in the fourth midget im-
pinger. Alternatively, a silica gel drying
tube may be used in place of the fourth im-
pinger. Maintain the oxidation furnace at 800
± 100 °C (1472 ± 180 °F). Place crushed ice and
water around all impingers.

8.2 Citrate Scrubber Conditioning Proce-
dure. Condition the citrate buffer scrubbing
solution by pulling stack gas through the
Teflon impingers and bypassing all other
sampling train components. A purge rate of
2 liters/min for 10 minutes has been found to
be sufficient to obtain equilibrium. After the
citrate scrubber has been conditioned, as-
semble the sampling train, and conduct (op-
tional) a leak-check as described in Method
6, Section 8.2.

8.3 Sample Collection. Same as in Method
6, Section 8.3, except the sampling rate is 2
liters/min (±10 percent) for 1 or 3 hours. After
the sample is collected, remove the probe
from the stack, and conduct (mandatory) a
post-test leak-check as described in Method
6, Section 8.2. The 15-minute purge of the
train following collection should not be per-
formed. After each 3-hour test run (or after
three 1-hour samples), conduct one system
performance check (see Section 8.5) to deter-
mine the reduced sulfur recovery efficiency
through the sampling train. After this sys-
tem performance check and before the next
test run, rinse and brush the probe with
water, replace the filter, and change the cit-
rate scrubber (optional but recommended).

NOTE: In Method 16, a test run is composed
of 16 individual analyses (injects) performed
over a period of not less than 3 hours or more
than 6 hours. For Method 16A to be con-
sistent with Method 16, the following may be
used to obtain a test run: (1) collect three 60-

minute samples or (2) collect one 3-hour
sample. (Three test runs constitute a test.)

8.4 Sample Recovery. Disconnect the
impingers. Quantitatively transfer the con-
tents of the midget impingers of the Method
6 part of the train into a leak-free poly-
ethylene bottle for shipment. Rinse the three
midget impingers and the connecting tubes
with water and add the washings to the same
storage container. Mark the fluid level. Seal
and identify the sample container.

8.5 System Performance Check.
8.5.1 A system performance check is done

(1) to validate the sampling train compo-
nents and procedure (prior to testing; op-
tional) and (2) to validate a test run (after a
run). Perform a check in the field prior to
testing consisting of at least two samples
(optional), and perform an additional check
after each 3 hour run or after three 1-hour
samples (mandatory).

8.5.2 The checks involve sampling a
known concentration of H2S and comparing
the analyzed concentration with the known
concentration. Mix the H2S recovery check
gas (Section 7.1.4) and combustion gas in a
dilution system such as that shown in Figure
16A–3. Adjust the flow rates to generate an
H2S concentration in the range of the stack
gas or within 20 percent of the applicable
standard and an oxygen concentration great-
er than 1 percent at a total flow rate of at
least 2.5 liters/min (5.3 ft3/hr). Use Equation
16A–3 to calculate the concentration of re-
covery gas generated. Calibrate the flow rate
from both sources with a soap bubble flow
meter so that the diluted concentration of
H2S can be accurately calculated.

8.5.3 Collect 30-minute samples, and ana-
lyze in the same manner as the emission
samples. Collect the sample through the
probe of the sampling train using a manifold
or some other suitable device that will en-
sure extraction of a representative sample.

8.5.4 The recovery check must be per-
formed in the field prior to replacing the SO2

scrubber and particulate filter and before the
probe is cleaned. Use Equation 16A–4 (see
Section 12.5) to calculate the recovery effi-
ciency. Report the recovery efficiency with
the emission data; do not correct the emis-
sion data for the recovery efficiency. A sam-
ple recovery of 100 ± 20 percent must be ob-
tained for the emission data to be valid.
However, if the recovery efficiency is not in
the 100 ± 20 percent range but the results do
not affect the compliance or noncompliance
status of the affected facility, the Adminis-
trator may decide to accept the results of
the compliance test.

9.0 Quality Control
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